the method has proveni quite satisfactory for some tissues, in others boiling evidently liberates some material which inhibits the action of auxin in the Avena test (9) .
Recent work has shown that spinach leaves contain an enzyme which rapidly converts tryptophan to auxin (10) . Because of the existence of such an enzyme, it is possible that one of the reasons for the slow production of auxin during ether extraction is the failure to inactivate this enzyme prior to extraction. The present investigation is therefore an attempt to associate the auxin production process with some of the known properties of the tryptophan-auxin converting enzymes and to examine the possibility of inactivating the enzymes by less drastic means than used previously thus enabling one to measure "free" auxin with confidence. Fertilized tobacco ovaries are advantageous for this kind of study because large amounts of auxin can be diffused into agar from them (6) and thus free auxin and diffusible auxin can be compared. Such tissues can be obtained in reasonably large quantities in contrast to other tissue such as Avena or corn coleoptiles from which auxin can be obtained by diffusion.
Methods and materials PREPARATION OF PLANT MATERIALS.-Since the principal aim of this work
was to investigate the nature of free auxin and its oriain in plant tissues, it was necessary that the free auxin should be immobilized completely at the time of sampling and maintained in an immobilized condition during subsequent extraction procedures. Hence, fertilized tobacco ovaries were dissected from the flowers 80-100 hours after pollination and plunfged immediately into liquid air for rapid freezing. They were then dried in vacuo in the frozen state in a Campbell-Pressman lyophil apparatus (2), a method closely similar to that used by LINK, EGGERS and MOULTON (5) for the preparation of plant material for auxin analysis. When dry, the ovaries were ground to 40 mesh in a Wiley mill and then stored in vacuo over P205 in darkness until used as tissue for auxin analysis or as enzyme preparations.
ETHER EXTRACTION.-Weigrhed samples of dried ovarian tissue were placed in 150-ml. Erlenmeyer flasks and covered with 75 ml. of freshlydistilled, peroxide-free ether, unless otherwise indicated. Such ether has a water content of about 5%o. The samples were occasionally shaken. At the end of the extraction period the ether was decanted from the plant tissue, the sample was washed twice with small portions of fresh ether, and the combined ether extracts were reduced in volume to a few milliliters which were then quantitatively transferred to melted agar which was used for Avena assav.
AVENA DETERMINATION.-The methods used in this investioation were exactly as described previously (10) . Auxin On the basis of the above data, it is evident that rapid auxin production occurs during ether extraction of lyophilized tobacco ovaries provided the tissue is rewetted and a suitable temperature of extraction is used. The fact that the production of auxin could be prevented completely bv keeping the tissue and solvent cold or by keeping them dry suggests at once that the process is enzymatic. It was of interest therefore to see if the production of auxin could be increased in the presence of excess tryptophan. That this is true is shown in table I. Lyophilized tobacco ovary tissue was incubated for three hours at 280 C. with 1.0 mg. of tryptophan in 3.0 ml. of phosphate buffer, pH 7.0. At the end of this period the digest was centrifuged free of cellular coinstituents, the supernatant liquid was acidified, and the auxin was extracted with ether (10 have shown that boiling the tissue prior to adding tryptophan prevents the production of auxin. It can be concluded that tobacco ovaries contain a very active tryptophan-auxin converting enzyme which is not destroyed by the lyophilization procedure.
Because of the short time intervals involved in all of these experiments, it is exceedingly doubtful that the hydrolysis of auxin-protein complexes could account for the auxin produced. As a matter of fact, very drastic treatment such as heating for prolonged periods in the presence of alkali, or long incubation with proteolytic enzymes is necessary to release auxin from its bound form in spinach leaves (11) . Another explanation of rapid auxin production must be considered and the following experiments have been designed to show that auxin production during ether extraction is a consequence of the enzymatic conversion of tryptophan to auxin. figure 1 show that the production of auxin in lyophilized tobacco ovaries can be reduced to a very low value for periods up to 16 hours when the ether and tissue are kept at 00 C. In marked contrast to this result there is a continuous production of auxin during 16 hours when the extractionl is conducted at 230 C. in the presence of water. Twenty milligram samples of tissue were extracted with freshly distilled ether for various lengths of time. Since a temperature of 00 C. will partially dry the ether by causing some water to separate, all of the ether used in this experiment was maintained overnight at 00 C. and then decanted from the small amount of water which separated by the cold treatment before the ether was used for auxin extraction.
It might be thought that the failure in obtaining auxin at the lower temperature was due to the insolubility of auxin in ether at 00 C. The data in table II (IAA) were added to the tobacco tissue prior to extraction with ether at 00 C., the added auxin was quantitativelv recovered by ether extraction.
The data plotted in figure 2 confirm the enzymatic nature of the auxin production process. Samples of tobacco ovarv tissue weighing 20 mg. were extracted with ether for 16 hours at 0, 5, 10, 15 and 250 C. When the amiiount of auxin produced is plotted against temperature of extraction, the resulting curve approximates the data for typical enzymatic processes (7). For each 50 rise in temperature to 150 C. the amiiount of auxin produced is nearly doubled. At 150 C. an optimum production is attained. The low boiling point of the ether prevented an extension of this curve to higher temperatures at which it might be anticipated the auxin production would fall due to heat inactivation of the enzyme.
As a consequence of these temperature relationships it is possible to conclude that auxin production during ether extraction of lyophilized tissues resembles an enzymatically activated process. THE EFFECT OF CYANIDE ON THE FORMATION OF AUXIN DURING ETHER EX-TRACTION.-Small amounts of cyanide completely block the enzymatic conversion of tryptophan to auxin by spinach leaf breis (10) . Since tobacco ovaries were also found to contain an active tryptophan-auxin converting enzyme, it was of interest to see if the production of auxin could be blocked when the tissue was extracted with ether in the presence of cyanide. There While it is a simple matter to get rid of HCN by evaporation since it boils at a temperature below the boiling point of ether, this is not the case with NaCN and there is always the danger that this poison will be carried over into the agar used for the Avena test and th-ts prevent the coleoptiles from reacting to the auxin. The pH of the plant tissuies rewetted with water from the ether is about 6.3 and it is to be expected that both HCN and NaCN will be present in the ether extracts at this hydrogen-ion concentration. To ensure that a reduction in auxin production was a result of inactivation of the enzyme rather than the inhibition of the Avena assay, IAA was added in the presence of cyanide to all of the tissues involved so that it is possible to estimate the degree of inhibition of the enzymatic production of auxin during ether extraction. Two different lots of lyophilized tobacco ovaries were used in these experiments. Samples of tissue weighing 20 mg. each were extracted for 16 hours at 230 C. The data are presented in table III. The auxin obtained from the tissue in the absence of cyanide produced 16.00 curvature. In the presence of 1.0 mg. of NaCN auxin production was reduced to 3.5°curvature. Since the apparent auxin production was inhibited 78% by this amount of exactly the same way as the tobacco ovary tissue. Although the levels of free auxin, as indicated by the 00 C. extraction, were much higher for the etiolated tissues, in all cases more auxin was produced in a 16-hour ether extraction period at 230 C. than in an identical period at O0 C. It is probable that the same mechanism operative in tobacco ovaries also accounts for the production of auxin in the other tissues.
Discussion On the basis of these experiments which show that rapid auxin production in lyophilized tissues is probablv due to the enzymatic conversion of tryptophan to auxin, it is possible to suggest a method for the determination of free auxin with confidence that this is actually the auxin state being determined. Obviously, the tryptophan-auxin enzyme must be inactivated at the time of samplino and kept inactivated during the extraction with ether. The preferable method is rapid freezing, of the tissue followed by dryin(g in the lyophil apparatus and ether extraction conducted at 00 C. for periods up to 16 hours. This treatment causes the least possible change in the tissue. Boiling the tissue in order to inactivate the enzyme is unsatisfactorv because of the danger of liberating inhibitors of the Avena test (9) and, as will be shown in a future publication, at least 15 minutes at 1000 C. is necessary to inactivate completely the tryptophan-auxin converting enzyme in Avena coleoptiles.
These results help to explain the difficulties encountered previously in auxin extraction, and also substantiate a previous hypothesis (10) that tryptophan is a principal precursor of auxin in plants. There is no experimental evidence which suggests that plants contain enzymes capable of liberating auxin rapidly from the various bound-auxin complexes so far investigated (1, 11) . Free tryptophan in the presence of the tryptophanauxin converting enzyme now demonstrated in many diverse plant species, is converted to auxin, and in this sense the trvptophan-converting enzyme must necessarily be responsible for the formation of auxin. Summary 1. Lyophilized tobacco ovaries produce auxin during ether extraction in the presence of water at 230 C. but not at 00 C. The process is shown to be enzymatic.
2. Tobacco ovaries contain an active tryptophan-auxin converting enzyme. Production of auxin during ether extraction resembles the enzymatic conversion of tryptophan to auxin as both processes are blocked by cyanide.
3. Several other plant tissues appear to produce auxin by the same mechanism found in tobacco ovaries. 4. A simple method for the extraction of free auxin is proposed. 5 . The evidence presented supports the view that tryptophan is a principal precursor of auxin in plants.
